the brain, that have the appropriate steroidogenic enzymes (Labrie et al. 2005) . DHEA can be metabolized to androstenedione (AE), an active and aromatizable androgen, by 3b-hydroxysteroid dehydrogenase/D5-D4 isomerase (3b-HSD) (Fig. 1) . AE can be subsequently converted to estrone (E 1 ), T, 5a-androstanedione (5a-A), or 5b-A by various enzymes (Fig. 1 ). 3b-HSD has been detected in peripheral tissues (Mason 1993) and also in the central nervous system (Mensah-Nyagan et al. 1994; Guennoun et al. 1995) . In a songbird, the zebra finch (Taeniopygia guttata), high levels of 3b-HSD have been detected in the brain of developing (Vanson et al. 1996; Tam and Schlinger 2007) and adult animals (Soma et al. 2004a; London et al. 2006) .
Interestingly, 3b-HSD activity in the adult zebra finch brain is rapidly regulated by restraint stress in a sex-specific manner (Soma et al. 2004a) . Restraint stress rapidly (<10 min) decreases brain 3b-HSD activity in females but not in males (Soma et al. 2004a) . This is the first demonstration that 3b-HSD is rapidly modulated. The rapid effects of stress suggest that the physiological mechanisms controlling 3b-HSD activity are also rapid. Although corticosterone is a possible regulator of 3b-HSD, plasma corticosterone levels are similar in male and female zebra finches following stress (Soma et al. 2004a) , and in vitro corticosterone treatment does not rapidly regulate brain 3b-HSD activity (D. Pradhan, L. Lau, K. Soma, unpublished results) .
Another possible regulator of brain 3b-HSD is E 2 . Plasma E 2 levels are rapidly increased by stress in female rats (Shors et al. 1999) , and brain aromatase activity is rapidly increased by stress in Japanese quail (Baillien et al. 2004) . Songbirds have very high levels of brain aromatase, and E 2 is a potent regulator of behavior, neuroanatomy, and steroidogenic enzymes in songbirds (Freking et al. 1998; Soma et al. 2000 Soma et al. , 2004b . Moreover, previous studies have shown that estrogens can regulate brain 3b-HSD. For example, in female rats, in vivo 17b-estradiol benzoate (EB) treatment increases 3b-HSD mRNA and activity in the hypothalamus (Soma et al. 2005) . In contrast, in male rats, in vitro E 2 treatment decreases 3b-HSD activity in the sciatic nerve, and E 2 was the most potent steroidal regulator of 3b-HSD (Coirini et al. 2003a,b) . Lastly, E 2 has numerous rapid effects on the brain Woolley 2007) and might also rapidly regulate brain 3b-HSD.
Songbirds, such as zebra finches are an excellent model species for studying the regulation of neural steroidogenic enzymes. The expression and activity of steroidogenic enzymes, such as aromatase and 3b-HSD, are extremely high in the zebra finch brain (Goodson et al. 2005b ). In addition, zebra finch song behavior and neuroanatomy are highly sexually dimorphic and sex steroid-sensitive (Nottebohm and Arnold 1976; Gurney 1981) . Therefore, this species is excellent for examining (i) rapid regulation and (ii) sex differences in regulation of brain 3b-HSD. Here, we test the hypothesis that E 2 rapidly regulates DHEA metabolism by brain 3b-HSD in a sex-specific manner.
Experimental procedures Materials
Tritiated steroids, [1, 2, 6, H]AE (specific activity = 91 Ci/mmol) and [1, 2, 6, H]DHEA (specific activity = 60 or 63 Ci/mmol), were purchased from Perkin-Elmer. Radioinert steroids were purchased from Steraloids (Newport, RI, USA). Ultima-Flo M scintillation cocktail was purchased from Perkin-Elmer (Waltham, MA, USA). RediSafe liquid scintillation cocktail was purchased from BeckmanCoulter (Mississauga, ON, Canada). Bovine serum albumin, nicotinamide adenine dinucleotide (NAD+), and primulin were purchased from Sigma (St Louis, MO, USA). Trilostane (3b-HSD inhibitor) was a gift from Micron Technologies (Kent, UK). Silica gel thin layer chromatography plates were purchased from Analtech (Newark, DE, USA). All other chemicals were of HPLC grade.
Subjects
Experimental procedures were carried out under University of British Columbia Animal Care permit (A04-277), following the guidelines of the Canadian Council on Animal Care. Subjects were adult male and female zebra finches (90 + days old), kept in singlesex group housing, but in visual and auditory contact with each other. Animals were maintained on a 14-h light, 10-h dark cycle, and food and water were available ad libitum.
Tissue collection and preparation
Within 2 min of entering the animal colony, subjects were killed by rapid decapitation. Care was taken to minimize stress, in order to avoid the effects of stress on 3b-HSD activity (Soma et al. 2004a) .
The whole brain was immediately removed, placed in ice-cold sucrose-phosphate buffer (3 mL), and homogenized on ice with a glass-teflon homogenizer (15 strokes). The resulting homogenate was immediately centrifuged for 30 min at 1000 g at 4°C (Coirini et al. 2003b; Soma et al. 2005) . The supernatant (containing mitochondria, microsomes, synaptosomes, and cytosol; Schlinger and Callard 1989; Rohmann et al. 2007 ) was frozen on dry ice and then stored at )80°C. The pellet (containing unbroken cells, cell debris, and cell nuclei; Rohmann et al. 2007 ) was discarded. Incubations were carried out at 41°C with shaking, and reactions were terminated by snap freezing in methanol/dry ice. To determine procedural losses, tubes containing a known amount of [ 3 H]AE were processed in parallel. Steroids were extracted with diethyl ether (two times), and extracts were dried with nitrogen. Steroids were then separated using either HPLC or TLC. HPLC and TLC provided separate but complementary methods of measuring enzyme activity (e.g., Matsunaga et al. 2001; Mensah-Nyagan et al. 2007) . While HPLC has greater ability to separate steroids, TLC provides higher sensitivity.
High performance liquid chromatography
The dried residues obtained after ether extraction were resuspended in 500 lL HPLC-grade methanol. To remove neutral lipids, samples were stored at )20°C overnight, centrifuged at 3000 g for 5 min at 4°C, and the supernatants were decanted into new tubes.
Tritiated steroids were separated using reversed-phase HPLC (Gilson 322) and quantified with a radioflow detector (as in Mensah-Nyagan et al. 2007) . A Waters SymmetryShield C 18 column (4.6 · 250 mm, 5-lm silica particles) was used for steroid separation. The solvents used were 40% acetonitrile in water (solvent A) and 68% methanol in water (solvent B). Before sample injection, the column was equilibrated with 55% solvent B for 20 min. 10 lL of sample was injected onto the column with an autoinjector (in triplicate). Samples were eluted at a flow rate of 0.5 mL/min over 60 min. The mobile phase was increased to 95% solvent B over 55 min, in three isocratic steps of 75% (20-25 min), 85% (35-40 min), and 95% (45-47 min) of solvent B. The mobile phase was then brought back to 55% solvent B for 3 min. The column was equilibrated for 10 min prior to the next injection.
Eluates were mixed with an equal amount of flow scintillant, and radioactivity was measured with a radioflow detector (Berthold LB 509; Guelph, ON, Canada). We quantified the area of the [ (Bradford 1976) , using bovine serum albumin as a standard.
Thin layer chromatography
All samples were processed in duplicate for TLC analysis. The dried residues obtained after ether extraction were resuspended in dichloromethane:methanol (1 : 1), and radioinert DHEA, AE, 5b-A, and 5a-A were added as markers. Samples were spotted onto silica gel plates, and run in chloroform : ethyl acetate (4 : 1) for 18 min (two times) (Soma et al. 2004a) . Steroids were visualized under UV light after spraying with primulin. The appropriate bands were scraped from the plates, tritiated steroids were eluted from the silica with 900 lL methanol : water (8 : 1), and 200 lL aliquots were counted in a scintillation counter (BeckmanCoulter LS 6500). The dpm were corrected for background values and recovery (average = 90%), and all data are presented as fmole per mg protein.
Initial validations
First, using TLC, timecourse studies with adult male brain tissue determined an appropriate incubation time. One timecourse study compared 3b-HSD activity in brain homogenates and supernatants, using incubation times from 15 to 180 min. A second timecourse study with supernatants only used incubation times from 2.5 to 15 min.
Second, we examined the effects of trilostane, a specific inhibitor of 3b-HSD (Potts et al. 1978) . We tested the effect of trilostane (4000 nmol/L, as in Soma et al. 2004a) when HPLC was used to measure 3b-HSD in males. In addition, we tested the effect of trilostane when TLC was used to measure 3b-HSD in males and females.
Third, using TLC, with pooled brain supernatant (n = 4 males), we tested the effects of various E 2 doses (2, 4, 20, 40, 200, 1000 , and 2000 nmol/L) on 3b-HSD. E 2 doses were based on plasma E 2 levels in zebra finches (Hutchison et al. 1984) and previous studies examining E 2 regulation of aromatase and 3b-HSD in vitro (Freking et al. 1998; Coirini et al. 2003b; Micevych et al. 2007 ).
Rapid regulation of 3b-HSD activity by E 2 : sex difference We then measured the effects of in vitro E 2 on brain 3b-HSD activity in males and females. We prepared supernatants from the brains of adult males (n = 6) and females (n = 6). Based on initial validations, we used 0, 4 and 1000 nmol/L E 2 . The incubation duration was 10 min. Importantly, we used a within-subject design, in which samples from each subject were treated with all three doses of E 2 . Furthermore, we measured 3b-HSD activity in each subject using both HPLC and TLC. With TLC, we were able to detect the two main metabolites downstream of 3b-HSD, [ 
Results 3b-HSD assay validations
Timecourse studies using TLC determined the appropriate incubation time and compared 3b-HSD activity in brain homogenates and supernatants. In the first timecourse study (Fig. 2a) , the amount of formed [ 3 H]AE was much higher in supernatants than homogenates. Therefore, in all subsequent studies, we used supernatants. [
3 H]AE formation in supernatants was already non-linear by the earliest timepoint (15 min), so we examined earlier timepoints. In the second timecourse study, [
3 H]AE formation was linear from 2.5 to 10 min (Fig. 2b) . Based on these data, we chose a 10 min incubation time. Thus, in vitro E 2 treatment lasted 10 min, which matches the 10 min restraint stress used in previous studies examining rapid regulation of 3b-HSD (Soma et al. 2004a) . Furthermore, in these timecourse studies using TLC, Next, we tested the effects of in vitro trilostane, a specific 3b-HSD inhibitor. The trilostane concentration was 20· substrate concentration (Soma et al. 2004a) . As measured by HPLC or TLC, 3b-HSD activity in males was greatly reduced by trilostane ( Fig. 3a and b) . Using TLC, we obtained similar results with females.
We then tested the effects of various E 2 concentrations in vitro. Using pooled brain supernatant (n = 4 males), we examined E 2 doses from 2 to 2000 nmol/L. Qualitatively, E 2 concentrations above 40 nmol/L appeared to reduce 3b-HSD activity (Fig. 4) .
Using HPLC (Fig. 5) E 2 rapidly reduced 3b-HSD activity: sex difference Based on initial validations, we measured the rapid effects of 0, 4, and 1000 nmol/L E 2 in vitro on 3b-HSD activity in male (n = 6) and female (n = 6) zebra finch brain. Tissue was incubated with E 2 for 10 min. We used a within-subjects design, in which samples from each subject were treated with all three doses of E 2 . Furthermore, we measured 3b-HSD activity using both HPLC and TLC.
HPLC. Using HPLC, E 2 treatment significantly affected 3b-HSD activity within 10 min ( Fig. 6 ; F 2, 20 = 10.878, p = 0.008). There was no effect of sex (F 1,10 = 1.238, p = 0.292). There was no significant interaction between E 2 treatment and sex (F 2, 20 = 3.145, p = 0.107). Post hoc Fisher's LSD tests revealed a significant inhibition of 3b-HSD by 1000 nmol/L E 2 (p = 0.010) but not by 4 nmol/L E 2 (p = 0.256). There was a trend for a sex difference in baseline activity of 3b-HSD (t = 1.994, p = 0.074).
TLC. Using TLC, we obtained a similar pattern of results for 3b-HSD activity (Fig. 7a ). There was a significant within-subjects effect of E 2 treatment (F 2, 20 = 36.499, p < 0.0001) and no effect of sex (F 2, 10 = 0.001, p = 0.981). There was a trend for an interaction between E 2 treatment and sex (F 2, 20 = 3.134, p = 0.065). Post hoc Fisher's LSD tests revealed that 1000 nmol/L E 2 significantly decreased 3b-HSD activity (p < 0.0001) but 4 nmol/L E 2 did not have a significant effect (p = 0.230). There was also a significant difference between 4 and 1000 nmol/L E 2 (p = 0.001).
Because there was a trend for an interaction between E 2 treatment and sex and because the power for this analysis was relatively low (observed power = 0.684), we examined this potential interaction further. We focused on the 1000 nmol/L E 2 dose, which was significantly different from controls. When 3b-HSD activity is expressed as a percentage of control (0 nmol/L E 2 ), there is a greater effect of 1000 nmol/L E 2 in females than in males ( Fig. 8b ; MannWhitney U-test, p = 0.025). The HPLC data yielded a similar pattern, but the sex difference was not significant ( Fig. 8a ; Mann-Whitney U-test, p = 0.132).
Furthermore, we specifically examined the effects of E 2 on [ 3 H]5b-A, an inactive 5b-reduced metabolite of [ 3 H]AE (Fig. 7b ). There was a significant effect of E 2 treatment on [ 3 H]5b-A levels (F 2, 20 = 31.274, p < 0.0001). There was no effect of sex (F 2, 10 = 0.005, p = 0.945) and no interaction between E 2 treatment and sex (F 2, 20 = 0.031, p = 0.970). Post hoc Fisher's LSD tests revealed that both 4 and 1000 nmol/L E 2 significantly decreased [ 3 H]5b-A, relative to controls (p < 0.001 in both cases). There was a trend for a difference between 4 and 1000 nmol/L E 2 (p = 0.073). Changes in [ 3 H]5b-A levels could reflect changes in either 5b-reductase and/or 3b-HSD. To assess whether 5b-reductase activity was reduced by E 2 , we expressed 6 HPLC analysis of the rapid effect of E 2 on 3b-HSD activity in adult male and female zebra finch brain. 3b-HSD activity in the presence of 0, 4, or 1000 nmol/L E 2 for 10 min was determined using HPLC for steroid separation and product quantification. n = 6 males and 6 females. **p < 0.01. 
Discussion
The main conclusions of this study are (i) E 2 decreases brain 3b-HSD and 5b-reductase activities within 10 min; (ii) these E 2 effects occur in supernatants that have few, if any, intact cells or cell nuclei; and (iii) the rapid effect of E 2 on 3b-HSD activity is greater in females than males. To our knowledge, this is the first demonstration of a rapid effect of E 2 on the songbird brain. Given the pronounced effects of physiological doses of DHEA on songbird behavior and adult neuroplasticity (Soma et al. 2002) , it is important to understand the neural metabolism of DHEA to active sex steroids, a process in which brain 3b-HSD plays a critical role (Soma et al. 2004a; Demas et al. 2007; Schlinger et al. 2007 ). The regulation of brain 3b-HSD remains largely unknown and may differ dramatically from the regulation of adrenal and gonadal 3b-HSD (Soma et al. 2005) . Also, it is noteworthy that 3b-HSD activity is much higher in the nervous system of zebra finches and song sparrows (Soma et al. 2004a; unpublished results) than that of rats (e.g., Coirini et al. 2003a,b; Soma et al. 2005) , reinforcing the idea that songbirds are an excellent model system for studying steroid synthesis in the brain (Goodson et al. 2005b ).
Physiological relevance of E 2 doses
In several recent experiments, E 2 doses used to elicit rapid, non-genomic actions in vitro have been in the high nanomolar to low micromolar range (Freking et al. 1998; Sinchak et al. 2003; Cornil et al. 2006 ; Micevych et al. Fig. 8 Effect of 1000 nmol/L E 2 on 3b-HSD activity as determined by HPLC and TLC analyses. All data are expressed relative to withinsubject baseline (0 nmol/L E 2 ). TLC analysis revealed a significant sex difference in inhibition of 3b-HSD activity by E 2 . n = 6 males and 6 females. *p < 0.05. 
(a) (b)
Fig. 7 TLC analysis of the rapid effect of E 2 on 3b-HSD activity in adult male and female zebra finch brain. 3b-HSD activity in the presence of 0, 4, or 1000 nmol/L E 2 for 10 min was determined using TLC for steroid separation. n = 6 males and 6 females. 
2007; Woolley 2007
). In the present study, inhibition of 3b-HSD by E 2 occurred with doses greater than 40 nmol/L (Fig. 4) , which are higher than plasma levels of E 2 in adult zebra finches (Hutchison et al. 1984; Cornil et al. 2006) . We chose 4 nmol/L E 2 to represent high circulating levels of E 2 (Hutchison et al. 1984) and 1000 nmol/L E 2 to potentially represent levels of E 2 at specific brain regions or specific synapses. Aromatase has been identified in pre-synaptic terminals in the adult zebra finch brain, suggesting that local estrogen levels at the level of the synapse may be high (Peterson et al. 2005) . However, currently it is not technically possible to directly measure E 2 concentrations at the synapse (see Taziaux et al. 2007) . Nonetheless, Palkovits punch or microdialysis can be used to estimate E 2 concentrations in small brain regions. Using Palkovits punch on adult male zebra finch brain tissue, we have collected preliminary data suggesting that E 2 levels in specific brain regions (nucleus taeniae of the amygdala, caudomedial nidopallium) are up to 30 times higher than E 2 levels in plasma (Newman et al. 2007 ; E. Chin, K. Po, K. Soma, unpublished results). Concentrations of E 2 at aromatasepositive synapses might be even higher.
E 2 inhibition of brain 3b-HSD and 5b-reductase occurs in supernatants We found that brain 3b-HSD activity is markedly higher in 1000 g supernatants than homogenates (as in rodents: Coirini et al. 2003a,b; Soma et al. 2005) . By using supernatants, we were able to employ an incubation time as short as 10 min. In contrast, in homogenates, little [ 3 H]AE is formed within 10 min (Fig. 2a) . Also, previous studies using homogenates of zebra finch brain report lower levels of 3b-HSD activity than the present results with supernatants (Soma et al. 2004a) . The supernatants contain mitochondria, synaptosomes, microsomes and cytosol, but are unlikely to contain intact cells and cell nuclei (Schlinger and Callard 1989; Rohmann et al. 2007) . 3b-HSD is present in mitochondria and endoplasmic reticulum membranes (Pelletier et al. 2001) , and these organelles are enriched in supernatants, which may explain the high 3b-HSD activity seen with supernatants.
E 2 inhibited DHEA metabolism in supernatants. In HPLC and TLC experiments, 1000 nmol/L E 2 significantly reduced 3b-HSD activity in both males and females. Similarly, in studies of supernatants prepared from male rat sciatic nerve (Coirini et al. 2003a ), E 2 inhibits 3b-HSD activity (as indicated by the metabolism of pregnenolone to progesterone). In these studies, E 2 was the most potent steroidal regulator of 3b-HSD activity, even more potent than progesterone, the direct product of 3b-HSD (Coirini et al. 2003a) . Taken together, these results with supernatants suggest a non-genomic effect of E 2 on 3b-HSD.
In addition, E 2 affected 5b-reductase activity in supernatants. Both 4 and 1000 nmol/L E 2 significantly decreased Fig. 9 ), suggesting a non-genomic effect of E 2 on 5b-reductase also.
E 2 inhibition of brain 3b-HSD and 5b-reductase is rapid Traditionally, the effects of E 2 were thought to be the result of binding to intracellular receptors that regulated gene transcription, a process that typically takes hours to days. More recent evidence indicates a variety of rapid, nongenomic mechanisms of E 2 action Woolley 2007 ). E 2 can have profound effects on neurophysiology and behavior within a short time span (seconds to minutes). For example, rapid electrophysiological effects of E 2 have been documented in the rodent preoptic area (Kelly et al. 1976) , and rapid behavioral effects of E 2 are seen in Japanese quail . In the present experiments, E 2 inhibited 3b-HSD and 5b-reductase activities within 10 min, which argues for a non-genomic effect. In previous studies of female rats, EB treatment in vivo increased 3b-HSD mRNA and activity in the hypothalamus, an effect that required more than 12 h to occur (Soma et al. 2005) . Thus, estrogens may regulate brain 3b-HSD via multiple pathways involving both non-genomic and genomic mechanisms. Future studies of zebra finches will administer E 2 in vivo to elucidate rapid and long-term effects of E 2 on brain 3b-HSD.
Sex difference in rapid E 2 effect
The present data suggest a sex difference in rapid E 2 regulation of brain 3b-HSD. When compared to baseline activity, the inhibition by 1000 nmol/L E 2 is greater in females than males. However, this sex difference was only significant for TLC data and thus should be interpreted cautiously. In the present studies using whole brain, there is a trend for a sex difference in baseline 3b-HSD activity (F > M), but previous studies using specific telencephalic regions found significant sex differences in baseline activity (F > M) (Soma et al. 2004a) . Moreover, the sex difference in 3b-HSD activity was reversed following a 10 min restraint stress: females, but not males, showed a dramatic decline in 3b-HSD activity (Soma et al. 2004a) . In rats, acute stress increases plasma E 2 in females (Shors et al. 1999) , and in quail, acute stress increases brain aromatase activity (Baillien et al. 2004) . Taken together, these data raise the hypothesis that acute stress inhibits brain 3b-HSD in female zebra finches by rapidly increasing circulating and/or brain estrogens.
Few studies have documented sex differences in rapid E 2 effects. For example, in gonadectomized rats, EB rapidly (within 30 min) affects striatal D2 dopamine receptor binding in females but not males (Bazzett and Becker 1994) . More recently, in gonadectomized mice, E 2 rapidly (within 60 min) increased pCREB-immunoreactive cell numbers in the medial preoptic area and ventromedial nucleus of females but not males (Abraham and Herbison 2005) . In addition, E 2 rapidly increased the number of GnRH neurons expressing pCREB in female but not male mice (Abraham and Herbison 2005) . Similar to the present results, these studies indicate that rapid E 2 effects are more prominent in the female brain. In contrast, in vocalizing fish, rapid E 2 effects on neuronal firing are similar in males and females (Remage-Healey and Bass 2007).
Possible mechanisms of E 2 action
There are several possible mechanisms by which E 2 might rapidly decrease brain 3b-HSD activity in supernatants. One hypothesis is that E 2 directly binds to 3b-HSD and acts as a competitive inhibitor. However, this possibility appears unlikely because there is a sex difference in the E 2 effect. Currently, there is no evidence that the structure of 3b-HSD differs between the sexes.
Second, E 2 may act via estrogen receptors (ER)a or ERb, which are located at nuclear and extranuclear sites in the brain, including mitochondria, endoplasmic reticulum, and synapses (e.g., Blaustein et al. 1992; Milner et al. 2001 Milner et al. , 2005 Romeo et al. 2005; Hart et al. 2007) . In rodents, brain estrogen receptors have been reported in mitochondria (Yang et al. 2004; Milner et al. 2005 ) and endoplasmic reticulum (Blaustein et al. 1992) , both organelles that contain membrane-bound 3b-HSD in peripheral organs (Pelletier et al. 2001) . Estrogen receptors have also been detected at presynaptic terminals (e.g., Horvat et al. 2001; Milner et al. 2001; Hart et al. 2007) . In zebra finch brain, pre-synaptic terminals contain high levels of aromatase (Peterson et al. 2005; Rohmann et al. 2007) , suggesting that local E 2 concentrations are high at specific synaptic boutons, and we are currently examining 3b-HSD in synaptosomes.
Third, E 2 may act via other estrogen receptors. E 2 can act via G protein coupled receptors (Kelly et al. 2003) , such as GPR30 (Thomas et al. 2005) . GPR30 has been reported in endoplasmic reticulum (Revankar et al. 2005) . In addition, a membrane-associated ER, ER-X, might mediate some effects of E 2 (Toran-Allerand et al. 2002) .
Regardless of which estrogen receptor may be involved, E 2 can induce rapid changes in calcium concentrations (Lobaton et al. 2005; Micevych et al. 2007 ), leading to changes in protein kinases (Driggers and Segars 2002) . These mechanisms are important in the rapid modulation of brain aromatase activity . Studies in quail indicate that brain aromatase is modulated, in part, by phosphorylation of the aromatase protein by protein kinases . The songbird 3b-HSD sequence also contains potential phosphorylation sites (T. Charlier and K. Soma, unpublished results), suggesting that similar mechanisms might rapidly modulate the activity of brain 3b-HSD.
Conclusions
These results show that in vitro E 2 rapidly inhibits the metabolism of DHEA by 3b-HSD in the brain. The rapid effect of E 2 is greater in females than males. Zebra finches have high levels of brain aromatase (Saldanha et al. 2000) , including aromatase in pre-synaptic boutons (Peterson et al. 2005) . Taken together, these data raise the hypothesis that brain 3b-HSD is rapidly regulated by neurallysynthesized E 2 . Because E 2 is a downstream product of DHEA, E 2 could thus limit its own production via a local negative feedback loop (Gower and Cooke 1983) . A local negative feedback loop might be important for creating short pulses of E 2 signals at the synapse, if one considers brain E 2 as a neurotransmitter .
